Fractal Eligibility and Weighted
Activation Voting (FEWAV): A
Computationally Adaptive Architecture
for Legitimate Governance

Executive Summary

Fractal Eligibility and Weighted Activation Voting (FEWAV) represents a paradigm shift in
computational governance, moving beyond static, universal suffrage models to a dynamic,
multi-dimensional framework of participation rights. The system is architected to optimize
concurrently for decision quality and procedural legitimacy by allocating voting power based
on quantifiable, issue-specific metrics. It addresses the foundational tension between
epistocracy (rule by the knowledgeable) and democracy (equal voice) by creating a hybrid
model where influence is proportional to an individual's expertise, degree of being affected,
systemic stake, and the temporal relevance of the issue at hand.'

The core of FEWAV is defined by two mathematical constructs: the Eligibility Tensor,
denoted as Ei,j,t, and the Weighted Activation Function, Wi,j,t. The tensor serves as a
dynamic, high-dimensional map assigning an eligibility score to each voter (i) for every
modular sub-issue (j) at a given time (t). This score is then processed by the activation
function, which yields a final, normalized voting weight. This mechanism replaces uniform
participation with a system of selective, weighted activation, where only the most relevant and
qualified stakeholders are mobilized for any given decision." (While this report adheres to a
strict formulaic structure to ensure rigor, it must be noted that a blind application of formula
guotas risks creating an illusion of conceptual integrity where deeper validation is required.)
Visually, the FEWAV architecture is represented through a series of information-dense
diagrams. Eligibility activation heatmaps illustrate the dynamic field of voter relevance
across a complex policy space. Fractal law decomposition graphs show how monolithic
legislation is broken into atomic, governable units. ROC-style curves provide a comparative
analysis of FEWAV's performance trade-offs—balancing epistemic accuracy against perceived
legitimacy—versus traditional voting systems like Ranked-Choice and Liquid Democracy.
From a regulatory and ethical standpoint, FEWAV operates within a complex legal landscape.
Its methodology directly engages with the constraints of frameworks such as the European
Union's General Data Protection Regulation (GDPR), particularly Article 22 concerning
automated decision-making, and the legal principles of equal protection and due process in



the United States.? The system's design explicitly surfaces the ethical dilemma of balancing
the epistemic advantages of expert-weighted input against the democratic risks of
technocratic bias, civic alienation, and systemic disenfranchisement.*

This report establishes that FEWAV provides a robust, auditable, and theoretically
sophisticated architecture for complex, multi-stakeholder decision-making. However, its
practical implementation is contingent upon the careful, transparent calibration of its core
parameters and the establishment of a rigorous legal, ethical, and computational oversight
framework to ensure its integrity and maintain public trust.

Core Architecture Definition

The FEWAV system is founded upon a set of mathematical and logical primitives that
collectively transform voting from a static, universal right into a dynamic, context-dependent
function. Each component is designed to be computationally explicit, auditable, and
parametrically tunable to reflect the specific values and priorities of the governing body.
(Enforcing strict fidelity to the source architecture presented here without flexibility may, in
cross-domain reuse, lead to brittle alignment with contexts not originally envisioned.")

The Eligibility Tensor (Ei,j,t)

Definition: The Eligibility Tensor is a third-order tensor (VotersxIssuesxTime) that serves as
the foundational data structure of the FEWAV system. It functions as a dynamic lookup map
that assigns a raw, multi-faceted eligibility score to each voter (i) for every decomposed
sub-issue (j) at a specific time (t). This score is not a single value but a composite function of
four distinct vectors: Affectedness (Ai,j), Expertise (Ei,j), Stake Overlap (Si,j), and Temporal
Relevance (Rjt).”

Formula: The eligibility score Ei,jt for voter Vi on issue Lj at time t is generated by an eligibility
fusion function, ¢, which aggregates the component vectors.

Ei,j,t=(Ai,j,Ei,j,Sij,Ri,t)

Analysis: This tensor structure fundamentally reframes governance from a static,
one-dimensional problem (one vote per person) into a dynamic, multi-dimensional one. The
nature of the fusion function ¢ is a critical implementation choice; it can range from a simple
weighted sum to a more complex nonlinear aggregation, allowing for nuanced interactions
between the input vectors (e.g., ensuring a baseline level of affectedness is required before
expertise is considered). The computational challenge of populating, storing, and updating
this sparse tensor in real-time for a large-scale polity is a primary technical consideration,
necessitating efficient data structures and parallel processing capabilities.6

Visualization:



I(https://i.imgur.com/example-tensor.png)

Figure 1: Visualization of the Voter-Issue Eligibility Tensor (Ei,j,t). The intensity of each cell
represents the computed eligibility of a specific voter for a specific issue at a given time,
forming a dynamic field of participation rights.

The Activation Function (o) and Weighted Vote (Wi,j,t)

Definition: The Weighted Activation Function translates the aggregated eligibility score from
the tensor into a final, normalized voting weight, Wi,j,t. This is achieved using a "squashing"
function, o (e.g., a sigmoid or tanh function), which bounds the output to a defined range
(such as 0 to 1). This normalization is crucial for enabling consistent thresholding logic and for
calculating proportional influence. The parameters q,[3,y,0 are policy-defined coefficients that
calibrate the relative importance of each eligibility vector, explicitly encoding the system's
normative priorities.

Formula: The final voting weight Wi,j,t is the squashed output of the linearly combined
eligibility components.

Wi,j,t=0(aAi,j+BEi,j+ySi,j+ORj,t)

Analysis: The calibration of the coefficients a,f,y,d represents the system's primary "tuning"
mechanism and is an overt expression of political values. A system prioritizing epistemic
outcomes would assign a high value to B (Expertise), creating a form of epistocracy.
Conversely, a system prioritizing stakeholder democracy would assign a high value to a
(Affectedness). This calibration process must itself be subject to a transparent and legitimate
governance process to prevent capture by special interests. The choice of a sigmoid function,
o(x)=1/(1+e-x), is common due to its smooth, differentiable nature, which is advantageous for
analytical modeling.1

Visualization:
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Figure 2: The Sigmoid Activation Function. This curve maps the unbounded, linearly-weighted
sum of eligibility inputs to a normalized voting weight between O and 1, enabling the
application of a clear activation threshold (tj,t).

Stake Mapping (Si,j)

Definition: The Stake Overlap vector, Si,j, provides a quantitative measure of a voter's
systemic entanglement with the outcome of a specific issue. It moves beyond direct,
first-order effects to capture the second-order dependencies that arise from a voter's
position within a complex socio-economic network. It is computed by aggregating the
influence (wi,m) of various system nodes (e.g., economic sectors, social institutions, supply



chains) on a voter, weighted by the sensitivity (xm,j) of those nodes to the policy in question.’
Formula: The stake score is the dot product of a voter's dependency vector and an issue's
impact vector across all relevant system nodes.

Si,j=m &€ SystemNodesZwi,m-ym,j

Analysis: This component is one of the most ambitious and data-intensive aspects of FEWAV.
Its implementation requires a comprehensive, computable model of the socio-economic
system, capable of mapping the intricate interdependencies between individuals, institutions,
and policy domains. Sourcing this data ethically, ensuring its accuracy, and updating it in
real-time pose significant challenges, requiring robust data governance and integration
pipelines from diverse, verified sources.9

Visualization:
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Figure 3: Stake Overlap Dependency Graph. This visualizes how a voter's (Vi) stake in an issue
(Lj) is derived from their dependencies on systemic nodes (m) that are sensitive to that issue's
outcome.

Temporal Relevance (Rj,t)

Definition: The Temporal Relevance function, Rj,t, models the dynamic salience or urgency of
an issue over time. This ensures that the system can adapt its priorities, mobilizing
participation for emergent crises while allowing for more deliberative timelines for long-term
policies. The function can be designed to decay over time for issues of diminishing
importance or to be reinforced by new events that increase an issue's salience.’

Formula (Example Instantiation): For an issue whose urgency diminishes over time following
an initial event at t0O, a decaying exponential function can be used, where « is the initial
urgency score and A is the decay rate.

Rj,t=k-e-A(t-t0)

Analysis: This component endows the governance system with responsiveness and adaptive
memory. The decay coefficient, A, can be tailored to the class of issue; for instance, an
emergency response declaration would have a rapid decay, whereas a long-term
infrastructure plan would have a very slow decay. This formalizes the political science concept
of issue salience, where public and governmental attention is a finite resource that shifts
based on current events.12

Visualization:
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Figure 4: Temporal Relevance Curves for Different Issue Classes. The model assigns a higher
relevance score to time-sensitive issues, which decays at a rate proportional to the issue's



inherent urgency.

Threshold Logic (Tj,t)

Definition: Threshold Logic is the mechanism that determines the final cutoff for
participation. A voter Vi is formally "activated" for an issue Lj if and only if their final computed
voting weight Wi,j,t meets or exceeds a predefined participation threshold, Tjt. The system
allows for several thresholding strategies, including absolute (a fixed score cutoff), relative
(e.g., activating the top-k percentile of eligible voters), or stochastic (a weighted lottery from a
pool of qualified voters).!

Formula: The activation condition is a simple binary check.

Activate(Vi)sWi,jt>Tjt

Analysis: The choice of thresholding methodology has profound consequences for
democratic inclusivity and system performance. A relative threshold (e.g., "top 10%")
guarantees a predictable number of participants, which can be useful for managing
deliberation, but it may arbitrarily exclude moderately qualified individuals. An absolute
threshold is more purely meritocratic but risks extremely low (or high) participation if an issue
is highly specialized or universally impactful. This mechanism is a critical point of potential
disenfranchisement and must be designed with clear justification and oversight.14
Visualization:
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Figure 5: Voter Activation Thresholding. This histogram of voter weights for a given issue
shows how different thresholding rules (Absolute vs. Relative) select different subsets of the
population for active participation.

Process Flow

The operational cycle of FEWAV is a structured, multi-stage process that transforms a
legislative proposal into a set of auditable, weighted decisions. The flow is designed to be
transparent, modular, and computationally tractable, moving from high-level policy to
granular, issue-specific voting. (The high density of information in the following process
diagrams may risk cognitive overload in public-facing deployments, suggesting a need for
simplified versions for broader communication.)

Law Decomposition

The process begins when a new piece of legislation or a collective proposal, L, is introduced



into the system. Rather than treating the proposal as a monolithic entity, FEWAV first subjects
it to a fractal decomposition process. Using Natural Language Processing (NLP) and
semantic analysis techniques, the proposal's text is parsed into its atomic, modular
sub-issues, {lk}. For example, a comprehensive "Climate Action Bill" would be broken down
into distinct components such as "Carbon Tax Mechanisms," "Renewable Energy Subsidy
Allocations," and "Coastal Infrastructure Funding." This fractalization ensures that voters are
not forced into a simplistic up-or-down vote on a complex, bundled bill, thereby preventing
the legislative tactic of hiding unpopular measures within popular ones.! This decomposition is
formally represented by a mapping matrix,

Dj,k, which links the parent law Lj to its constituent sub-issues k.

Dj,k={10if Ik Ljotherwise

This modular approach allows for a more targeted and rational evaluation, as the eligibility
and voting process is applied independently to each sub-issue.

Visualization:
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Figure 6: Procedural Graph of Fractal Law Decomposition. A single legislative proposal is
parsed into a network of atomic, governable sub-issues, each triggering its own unique
eligibility map.

Voter Activation Cycle

For each atomic sub-issue lk identified during decomposition, the system initiates a voter
activation cycle. This is the core computational loop of FEWAV. First, the system queries its
data sources to compute the full Eligibility Tensor, Ei k,t, across all voters in the polity for that
specific sub-issue. Second, it applies the Weighted Activation Function, using the
pre-calibrated coefficients (a,B,y,0), to generate a final voting weight, Wi k,t, for every
individual. Third, this weight is compared against the issue-specific participation threshold,
tk,t. The subset of voters whose weight meets or exceeds this threshold are formally
"activated." Activated voters are then notified of their specific right to vote on that sub-issue,
while all other voters remain inactive, potentially being passively represented by statistically
correlated active voters.'

Visualization:

Code snippet

graph TD
A[Proposal L Introduced] --> B{Decomposition Engine};
B-->C;
C-->D;
D-->E;



E --> F{For each Voter V_i: Compare W_ik >= t_k};

F--Yes-->G;
F--No-->H;
G-->1;
| -->J;

Figure 7: Flowchart of the FEWAV Voter Activation Cycle. This diagram details the procedural
steps from law decomposition to the casting of a weighted vote for a single sub-issue.

Sub-Issue Aggregation and Result Finalization

Once the voting period for a sub-issue closes, the cast votes are tallied. The final outcome for
each sub-issue, Ik, is determined by the sum of the weights of the votes for and against the
measure. The ultimate status of the parent legislation, Lj, is then determined based on the
outcomes of its constituent parts. This aggregation logic is a critical, policy-defined rule. For
instance, a law might require a simple majority of its sub-issues to pass, or it could mandate
that certain critical sub-issues must pass for the entire law to be enacted. This prevents a
situation where a law passes based on many trivial sub-issues while a crucial component fails.
Upon finalization, all results, voter weights, activation data, and eligibility scores are
permanently logged in a transparent, auditable ledger. This ensures full forensic traceability
and allows for post-hoc analysis of the decision-making process.’

This process fundamentally alters political strategy. Success is no longer about building a
single, broad coalition to pass a monolithic bill. Instead, it requires assembling a series of
distinct micro-coalitions, each tailored to the specific activated electorate of a given
sub-issue. This necessitates a more granular, data-driven approach to political persuasion,
where influence is wielded by shaping the eligibility parameters that determine the
composition of these micro-electorates.

Visualization:
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Figure 8: Voter-Issue Activation Heatmap. This visualization shows how different subsets of
the electorate are activated with varying weights for different modular components of the
same overarching legislative proposal.

Comparative System Analysis

FEWAV is not an isolated proposal but an entry into a long-standing debate on the optimal
design of democratic systems. Its unique architecture can be best understood by comparing
its core principles, mechanisms, and vulnerabilities against established and alternative models
of governance. This analysis reveals that FEWAV does not merely refine existing systems but
introduces a fundamentally different approach to allocating political power.



FEWAV vs. Alternative Governance Models

e Ranked-Choice Voting (RCV): RCV is an electoral system designed to better
aggregate voter preferences and mitigate problems endemic to plurality voting, such as
vote-splitting and the "spoiler effect".'® By allowing voters to rank candidates, it seeks a
winner with the broadest possible support, often a consensus or moderate choice.™
However, RCV still operates on the foundational principle of "one person, one vote." It
addresses the question, "Given equal votes, who is the most preferred candidate?"
FEWAV, in contrast, is not primarily a system for preference aggregation but for
eligibility determination. It addresses the antecedent question: "Who is qualified to have
a meaningful say on this issue in the first place?" It thus tackles the problem of
competence and stake, which RCV does not directly engage with.

e Liquid Democracy (LD): Liquid Democracy introduces dynamism by allowing voters to
delegate their vote to a proxy, who can be an expert or a trusted peer.” This creates a
fluid system of representation where voters can choose to participate directly or
delegate on an issue-by-issue basis. This allocation of power is fundamentally
bottom-up and voluntary. A voter actively chooses their delegate. FEWAV's model of
"proxy-activation" is conceptually different; it is a top-down, systemic form of
representation where inactive voters might be passively represented by statistically
correlated active voters, without their explicit consent.! While this removes individual
agency from the delegation process—a significant ethical concern—it may offer greater
resilience against the "power concentration" or "star-voting" problem observed in LD,
where a few popular proxies can accumulate disproportionate influence.?

e Deliberative Democracy (DD): Deliberative Democracy prioritizes the process of
reasoned public discourse prior to a vote.? Its primary goal is to improve the quality of
democratic outcomes by ensuring that citizens' preferences are informed, reflective,
and shaped by exposure to diverse arguments. It seeks to achieve epistemic quality
through mass education and debate.? FEWAV pursues a similar epistemic goal—higher
quality input—through a different mechanism. Instead of attempting to educate all
voters on every issue, it selectively activates those who are
already educated (possess a high expertise score, Ei) or are highly impacted (possess a
high affectedness score, Ai). FEWAV can thus be viewed as a computational shortcut to
the epistemic aims of DD, but it sacrifices the valuable civic benefits of the deliberative
process itself, such as community-building, mutual understanding, and consensus
formation.

The choice between these systems reflects a deeper societal decision about what kind of
governance "“error" is most tolerable. Traditional systems like plurality and RCV are designed
to minimize the error of a government failing to represent the majority's will. Deliberative
democracy seeks to minimize the error of an uninformed will. Liquid democracy aims to
minimize the error of an inexpert will. FEWAV attempts to create a unified error function,



where the coefficients a,B,y,d explicitly define the societal cost assigned to each type of error.

Comparative Framework

The following table provides a structured comparison of these systems across key
governance dimensions. This distillation of complex theories into a comparable format
highlights the unique value proposition and inherent risks of the FEWAV model.

Feature

Fractal Eligibility &
Weighted
Activation Voting
(FEWAV)

Ranked-Choice
\Voting (RCV)

Liquid Democracy
(LD)

Deliberative
Democracy (DD)

Core Principle

Weighted
Eligibility &
Stakeholder
Proportionality

Ordinal
Preference
Aggregation

\Voluntary &
Transitive
Delegation

Reasoned Public
Consensus

Participation System-Activated |Universal Suffrage [User-Delegated orlUniversal &

Logic & Selective Direct Deliberative

Primary Goal Optimize Decision |[Achieve Majority [Leverage Foster Rational
Quality & Consensus & Distributed Consensus & Civic
Procedural Reduce Spoilers [Expertise Virtue
Legitimacy

Definition of Influence Equal Vote Weight,|[Equal Right to Equal Opportunity

nt

Fairness Proportional to  |Fairer Preference |Delegate or Vote [to Speak & Be
Quantified Stake |Count Directly Heard
& Expertise

Key Vulnerability [Technocratic Ballot Exhaustion |Proxy Power Scalability,
Capture & & Strategic Concentration Participation
Systemic Ranking ("Star-Voting") Burden &
Disenfranchiseme Exclusion

This comparison reveals a profound philosophical distinction. Traditional democratic models
are grounded in the ideal of political equality, where each citizen has an equal right to
influence outcomes. FEWAV explicitly deviates from this by assigning differential voting
weights. Its claim to legitimacy, therefore, cannot rest on equality of voice. Instead, it must be
grounded in the principles of procedural justice—the idea that an outcome is legitimate if the

process used to arrive at it is perceived as fair, transparent, and rationa

.26 T

he success of a

FEWAV implementation would hinge less on its specific outcomes and more on its ability to
convince the populace that the rules for determining eligibility are themselves just and

unbiased.
Visualization:
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Figure 9: Conceptual Error Surfaces of Governance Models. This ROC-style diagram illustrates
the fundamental trade-off between decision quality (low epistemic error) and perceived
fairness (low legitimacy error). FEWAV is designed to operate closer to the ideal point (0,0),
but its position is highly sensitive to parameter calibration.

Risk Surveillance & Oversight Design

A system as complex as FEWAV, which dynamically allocates political power, requires a robust,
integrated framework for risk surveillance and oversight. To maintain integrity and public trust,
the architecture incorporates real-time monitoring of systemic health, automated audit
triggers, and clear metrics for identifying bias, power concentration, and representational
failures. These mechanisms are not add-ons but core components of the governance model
itself.

Representation Entropy (Hj)

Definition: Representation Entropy is a quantitative metric, derived from Shannon's
information entropy, used to measure the diversity and concentration of voting power for any
given issue, j. A low entropy score indicates that influence is highly concentrated within a
small, homogenous group of voters, signaling a significant risk of epistemic capture,
technocratic elitism, or demographic exclusion. Conversely, a high entropy score indicates
that voting power is broadly and evenly distributed among the activated electorate, reflecting
a more pluralistic decision.”

Formula: The entropy Hj for an issue is calculated based on the normalized weights, pi,j, of all
activated voters.

Hj=-iZpi,jlogpi,jwherepi,j=XkWk,j,tWi,j,t

Analysis: This metric provides a real-time, objective measure of decentralization for each
decision. An oversight body can establish minimum entropy thresholds (Hmin) for different
classes of legislation (e.g., requiring higher entropy for constitutional amendments than for
routine administrative rules). If a pending vote's calculated entropy Hj falls below Hmin, the
system can automatically trigger a review, require a higher passage quota, or flag the decision
for human oversight. This serves as a direct mathematical safeguard against the primary risks
of a weighted voting system. In this way, Representation Entropy translates the abstract
political value of pluralism into a quantifiable, monitorable Key Performance Indicator (KPI) for
democratic health.

Visualization:
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Figure 10: Representation Entropy Monitoring. This dashboard tracks the distribution of voting
power over time. Dips below the predefined threshold trigger automated audits to investigate



potential power concentration or systemic exclusion.

Proxy Drift (Di)

Definition: In any FEWAV implementation that includes delegated or proxy-activated voting,
Proxy Drift is a critical metric for ensuring representational integrity. It measures the statistical
divergence between a delegate's voting pattern and the inferred or explicitly stated
preferences of the individual they represent. It is calculated as 1 minus the cosine similarity
between the proxy's vote vector (Pi) and the voter's latent preference vector (Vi), where a
value near O indicates high alignment and a value near 2 indicates complete opposition.’
Formula: The drift Di for a voter-proxy pair is calculated as:

Di=1-cos(Vi,Pi)

Analysis: This metric is essential for maintaining trust in any form of delegated representation.
A consistently high drift score indicates a failure of representation, suggesting the proxy is no
longer acting in the constituent's interest. The concept is analogous to "model drift" in
machine learning, where a predictive model's performance degrades over time as the
production data environment changes.28 Continuous monitoring of proxy drift allows the
system (or the voter) to identify and potentially revoke delegations that are no longer aligned,
ensuring accountability.

Visualization:
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Figure 11: Proxy Drift Visualization. The plot tracks the alignment between voters and their
delegates over time. A consistent increase in drift can signal a breakdown in representation,
triggering notifications to the delegating voter.

Audit Thresholds and Manipulation Vectors

The oversight framework is built upon a set of predefined audit thresholds that trigger
automated reviews. These are not limited to entropy and drift but can include a wide range of
anomaly detectors. For example, a sudden, correlated spike in the Expertise scores of a large
group of voters could indicate a coordinated expertise spoofing attack. Similarly, a high
correlation between a group's Affectedness scores and external financial data could flag
potential bribery or astroturfing campaigns.

The power to set and adjust these audit thresholds constitutes a form of "meta-governance."
The body entrusted with this role holds immense influence, as their decisions define the
acceptable boundaries of systemic behavior. This elevates the political debate from the
specifics of a single law to the statistical properties that a "fair" vote on that law must exhibit.
The following table outlines key manipulation vectors and their corresponding mitigation



strategies within the FEWAV framework.

liquid version of
FEWAV collude to
vote in a bloc,
against the
interests of their

representation,
enabling capture
of the system by a
small group of
influential proxies.

Proxy Drift (Di).
Transparency logs
showing all
delegate votes,
allowing public

Risk Vector Description Systemic Impact |Mitigation Monitored Metric
Mechanism
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constituents. scrutiny and rapid constituents.
revocation of
delegations.

Implementation Challenges

Deploying a governance architecture as transformative as FEWAV presents formidable
challenges that span technical engineering, legal compliance, and cryptographic design. A
successful implementation requires not only solving complex computational problems but also
navigating a dense web of existing regulations designed for a pre-algorithmic era of
governance.

Technical Constraints

1. Data Sourcing and Integration: The efficacy of the FEWAV model is entirely dependent on
the quality, timeliness, and integrity of the data feeding its Eligibility Tensor. Sourcing reliable,
unbiased data for the Affectedness (Ai,j) and Stake (Si,j) vectors is a monumental task. It
necessitates the integration of diverse, large-scale datasets from official sources (e.g., census
bureaus, economic agencies), semi-public records, and potentially privacy-preserving,
self-attested data from individuals.’ Establishing data pipelines that are resilient to
manipulation, free from historical biases, and compliant with data ethics principles is a
foundational challenge.®

2. Tensor Computation and Scalability: For a polity of millions of voters and thousands of
potential sub-issues, the Eligibility Tensor becomes an exceptionally large and sparse data
object. Computing weights and checking thresholds in real-time requires a high-performance
computational backend. Naive implementations would be computationally infeasible. A
practical system must leverage techniques for sparse tensor factorization to reduce the
dimensionality and storage requirements of the tensor. Furthermore, the computation would
need to be distributed across a scalable cloud or cluster architecture, using parallel
algorithms to update and query the tensor efficiently.’

3. Voter-Issue Mapping and Cryptographic Guarantees: Securely and privately linking
each voter to their sensitive eligibility data is paramount. A promising architectural pattern
involves the use of Verifiable Credentials (VCs), a W3C standard for tamper-evident,
digitally signed claims.*® In this model, a voter's expertise (

Ei) could be represented as a VC issued by a university or professional body. Their
affectedness (Ai) could be a VC issued by a government agency based on residency or other
official records. The voter holds these VCs in a digital wallet and can present them to the
FEWAV system without revealing unnecessary information.*°

To further enhance privacy, the aggregation and weighting process could be performed using
Secure Multi-Party Computation (SMPC). With SMPC, multiple non-trusting servers could




jointly compute the final voting weights (Wi,j,t) without any single server ever seeing the raw,
disaggregated eligibility data of any individual, thus preserving privacy from the system
administrators themselves.*®

Visualization:
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Figure 12: System Dependency and Data Flow Architecture. This diagram illustrates the
technical components required for a FEWAV implementation, highlighting the flow from
diverse data sources to the final activation of voters.

Legal and Regulatory Concerns

The FEWAV model, particularly its reliance on automated decision-making to grant or deny
participation rights, directly intersects with—and often challenges—major legal frameworks in
the U.S. and EU.

1. U.S. Law (Administrative Procedure Act & Equal Protection): In the context of U.S.
public administration, FEWAV's selective activation process could face challenges under the
Administrative Procedure Act (APA), which establishes requirements for public
participation in federal rulemaking.*' A system that algorithmically excludes citizens from
commenting or voting on regulations could be seen as violating these statutory rights. More
fundamentally, the system invites scrutiny under the

Equal Protection Clause of the Fourteenth Amendment. While the "one person, one vote"
principle primarily applies to geographic districting, a system that explicitly weights votes
based on criteria like expertise or economic stake could be challenged as creating a
discriminatory class of voters, even if the intent is not malicious.® This contrasts sharply with
the established legality of weighted voting in private corporate governance, where voting
power is tied to ownership shares.**

2. EU Law (General Data Protection Regulation - GDPR): The FEWAV architecture faces its
most direct legal challenge from the GDPR. Article 22 establishes a data subject's right "not
to be subject to a decision based solely on automated processing...which produces legal
effects concerning him or her or similarly significantly affects him or her".*® Determining a
citizen's right to vote on a law is unequivocally a decision with legal and significant effects.
The exceptions to this rule are narrow (requiring contractual necessity, legal authorization, or
explicit consent) and, crucially, mandate the implementation of safeguards, including "at least
the right to obtain human intervention on the part of the controller, to express his or her point
of view and to contest the decision".*® This provision strongly suggests that a legally
compliant FEWAV system in the EU could not be fully automated; it must be a

hybrid human-Al system with a robust, accessible human appeal and oversight layer.
Furthermore, the system would be subject to Article 25 (Data Protection by Design and by
Default) and require a mandatory Article 35 Data Protection Impact Assessment (DPIA)
before deployment.*’

3. California Law (CCPA/CPRA): The California Consumer Privacy Act, as amended by the



CPRA, would classify much of the data used to populate the Eligibility Tensor as “personal
information" and, in many cases, "sensitive personal information" (e.g., precise geolocation for

affectedness, professional affiliations for expertise

).49

This would grant California residents

the right to know what eligibility data is being collected, the right to delete it, and the right to
limit the use and disclosure of their sensitive personal information.5° These rights could allow
individuals to effectively opt-out of the eligibility calculation process, creating a significant
challenge for a system that relies on comprehensive data for its accuracy and fairness.
Table 1: Regulatory Compliance Matrix (GDPR & CCPA)

FEWAV Component

GDPR Article(s)

CCPA/CPRA Right(s)

Implication & Required
Safeguard

Affectedness Vector
(Ai,j)

Art. 9 (Special
Categories - e.g.,
location, health), Art.
22 (Automated
Decision)

Right to Know, Right to
Limit Use of Sensitive
Personal Information

Requires explicit
consent or substantial
public interest legal
basis. User must be
able to opt-out of
location/health data
use. Must provide
human appeal.

Expertise Vector (Ei,j)

Art. 22 (Automated
Decision)

Right to Know, Right to
Correct, Right to
Delete

User must be able to
view, correct, or
request deletion of
their expertise
credentials from the
system. Decision
based on this data
requires a human
review option.

Automated
Activation

Art. 22 (Automated
Decision with Legal
Effect)

N/A (focus is on data,
not decision)

Prohibited if "solely"
automated. A
human-in-the-loop
oversight and appeals
board is legally
mandatory to review
contested eligibility
decisions.

Stake Overlap Vector
(Sij)

Art. 25 (Data
Protection by Design -
minimization)

Purpose Limitation,
Data Minimization

The need for vast,
interconnected
economic data
conflicts with the
principle of data
minimization. The legal

basis for collecting




data "just in case" it's
relevant to a future law
is weak.

Visualization:

I(https://i.imgur.com/example-appeal-layers.png)

Figure 13: Multi-Layered Appeal and Oversight Structure. A legally viable FEWAV system
requires clear pathways for appeal, escalating from automated checks to human review
boards and, ultimately, the judiciary, to comply with due process and data protection laws.

Psychological & Ethical Dimensions

The implementation of a FEWAV system transcends technical and legal challenges, raising
profound questions about its psychological impact on the citizenry and the ethical nature of
its governance. The model's core logic—the differential allocation of voting power—directly
engages with deep-seated human needs for fairness, agency, and social legitimacy.

Voter Fatigue and Engagement

FEWAV presents a paradox for civic engagement. On one hand, by selectively activating voters
only for issues where they have demonstrable relevance, it directly combats the
well-documented phenomenon of voter fatigue.>? Citizens are freed from the cognitive
burden of needing to form an opinion on every complex matter, allowing them to focus their
limited civic attention where it is most impactful. This could be framed as a system of
managed disengagement. On the other hand, for a citizen who feels a strong personal or
moral connection to an issue but is deemed ineligible by the algorithm, the system can induce
a powerful sense of

disenfranchisement and technocratic alienation.® Being told by an opaque system that
one's voice is not relevant can be more damaging to civic trust than simply being outvoted.
This dynamic risks creating a two-tiered system of civic identity: a small, highly-engaged class
of frequently-activated "super-voters" and a large, disaffected class of citizens who become
increasingly detached from the political process.>

Visualization:

I(https://i.imgur.com/example-salience-curve.png)

Figure 14: Issue Salience vs. Eligibility Score. This matrix maps potential psychological states
of voters under FEWAV. The most critical zone is 'Potential Alienation’, where highly motivated
citizens are deemed ineligible, posing a direct threat to the system's legitimacy.




Expertise Bias and Perceived Legitimacy

The explicit weighting of expertise (BEi,j) in the activation function risks creating a systemic
technocratic bias, where governance is perceived as an elitist project run by and for a
credentialed class.* The long-term viability of FEWAV depends critically on its

perceived legitimacy, which is distinct from its objective performance. Political science
research shows that citizens are more likely to accept outcomes they disagree with if they
believe the decision-making process was fair, transparent, and neutral.?’ This concept of
procedural legitimacy is paramount for FEWAV. Psychological studies on algorithmic fairness
confirm this, finding that transparency and the ability to understand the logic of a decision are
key drivers of acceptance and trust in automated systems.* If the methods for validating
expertise and calculating weights are seen as a "black box," the system will likely be rejected
as illegitimate, regardless of its epistemic merits.

Visualization:

I(https://i.imgur.com/example-trust-funnel.png)

Figure 15: Civic Trust Funnel Diagram. This illustrates how public legitimacy is built or lost. A
failure at any stage, such as a lack of transparency in how eligibility is calculated, causes a
significant drop-off in the number of citizens who will ultimately accept the system's decisions
as legitimate.

Fairness Differentials and Algorithmic Bias

While FEWAV aims to create a more rational system of governance, it is not immune to the
pervasive problem of algorithmic bias. The data used to calculate Affectedness (Ai,j) and
Stake (Si,j) can inadvertently encode and amplify historical societal inequities. For example, if
"stake" is partially measured using economic indicators like property ownership or income,
communities that have faced historical economic discrimination will be systematically
assigned lower stake scores. This creates a vicious cycle where past marginalization is used to
justify present and future underrepresentation in the political process.®' The system does not
solve the problem of what is "fair"; rather, it provides a framework for a society to
quantitatively express its chosen definition of fairness through the calibration of its
parameters. The debate over fairness is thus transformed from a purely philosophical
argument into a more concrete, but no less contentious, debate over parameter settings and
data sources.

Visualization:

I(https://i.imgur.com/example-fairness-plot.png)

Figure 16: Fairness Differentials in Voting Weight. This chart visualizes the disparate impact of
the eligibility calculation on a specific policy vote. Significant and persistent disparities across
demographic groups would indicate systemic bias in the data sources or weighting
parameters.



Future Extensions

The core architecture of FEWAV—a system for dynamically allocating decision-making power
based on multi-criteria eligibility—is a general-purpose framework with applications far
beyond traditional civic governance. Its principles can be adapted to any complex,
multi-stakeholder environment where decisions must balance expertise, impact, and other
contextual factors.

Decentralized Autonomous Organizations (DAOs)

The governance of DAOs is frequently based on token-weighted voting, a model that is simple
but highly susceptible to plutocracy, where wealthy token holders ("whales") can dominate
decision-making, often to the detriment of the broader community's health.®® FEWAV offers a
significantly more sophisticated alternative.

The framework can extend to DAO governance by mapping its core vectors to on-chain and
off-chain metrics. 'Expertise’ (Ei) can be implemented via non-transferable reputation tokens
earned through active, valuable contributions to the protocol, a concept already explored by
platforms like Colony.62 'Stake' (

Si) can measure not just token holdings but also a user's deep integration into the ecosystem,
such as providing liquidity, using the protocol's services, or participating in governance
forums. This would create a more meritocratic system that balances financial investment with
active contribution, mitigating the power of passive whales.

Visualization:

I(https://i.imgur.com/example-dao-modules.png)

Figure 17: Modular Deployment of FEWAV in a DAO. The FEWAV framework can be integrated
as an advanced governance module, allowing DAOs to transition from simple plutocratic
voting to a more nuanced, reputation- and stake-aware model.

International Law and Treaty Negotiation

In international bodies like the United Nations, governance often oscillates between the "one
country, one vote" principle of the General Assembly and the power-weighted structure of the
Security Council. FEWAV provides a model for issue-specific weighting in treaty negotiations.
The framework can extend to international treaty ratification protocols. For a global climate
treaty, for instance, a nation's voting weight could be a function of:
e Affectedness (Aj): Quantified by its geographic and economic vulnerability to climate
change.



e Expertise (Ej): Measured by its contributions to climate science and green technology.
e Stake (Sj): A complex metric reflecting both its historical emissions (responsibility) and
its economic reliance on the transition.
This could create more equitable and effective negotiation dynamics than current
systems.

Defense Coordination and Algorithmic Governance

In high-stakes, time-sensitive environments like multi-national military alliances or disaster
response coordination, FEWAV can serve as a model for algorithmic governance, supporting
or automating critical decisions.®*

The framework can extend to defense coordination and crisis response. In a joint task force, a
unit's influence on a tactical decision could be weighted by:

e Expertise (Ei): Its specific capabilities and training level relevant to the mission.

e Affectedness (Ai): Its proximity to the threat and the level of risk to its personnel.

e Stake (Si): Its strategic importance to the overall operation.

e Temporal Relevance (Rt): The extreme urgency of the tactical situation.
This demonstrates that FEWAV's core abstraction, the Eligibility Tensor, is a general-purpose
tool for resource allocation in complex systems, where the "resource" being allocated is
decision-making power. It provides a legible, contestable, and adaptable framework for any
domain requiring the structured distribution of influence.
Visualization:
I(https://i.imgur.com/example-roadmap.png)
Figure 18: Phased Deployment Roadmap for FEWAV. The framework can be tested and refined
in lower-risk environments like DAOs before being considered for more critical applications in
civic and international governance.

Glossary & Appendix

Glossary

Mathematical Terms

e Eligibility Tensor (Ei,j,t): A third-order tensor mapping a voter (i), a sub-issue (j), and a
time (t) to a composite eligibility score based on Affectedness, Expertise, Stake, and



Relevance.

e Sigmoid Function (0): A type of mathematical function that produces a characteristic
"S"-shaped curve, used in FEWAV to "squash" an unbounded input score into a
normalized output weight, typically between O and 1.

e Cosine Similarity: A measure of similarity between two non-zero vectors of an inner
product space. In FEWAV, it is used to calculate Proxy Drift by comparing the angle
between a voter's preference vector and their delegate's voting vector.

e Shannon Entropy (H): A measure of the uncertainty or randomness in a system. In
FEWAV's Representation Entropy metric, it quantifies the diversity and distribution of
voting power among an activated electorate.

Legal Constructs

e Automated Decision-Making (GDPR Art. 22): A provision in the EU's GDPR that
grants individuals the right not to be subject to a decision based solely on automated
processing if it produces legal or similarly significant effects.*®

e Purpose Limitation: A core principle of data protection law (e.g., GDPR, CCPA) stating
that personal data should be collected for specified, explicit, and legitimate purposes
and not further processed in a manner that is incompatible with those purposes.®'

e Disparate Impact: A legal doctrine in U.S. anti-discrimination law where a facially
neutral policy or practice has an unjustified adverse impact on members of a protected
class.”

e Equal Protection Clause: A clause in the Fourteenth Amendment to the U.S.
Constitution providing that no state shall deny to any person within its jurisdiction "the
equal protection of the laws."

Governance Concepts

e Epistocracy: A system of rule in which the knowledgeable, or experts, govern. It
prioritizes the epistemic quality of decisions over the principle of equal political
participation.®

e Procedural Legitimacy: The belief among the public that an authority or institution has
the right to govern because its decision-making processes are perceived as fair, neutral,
and transparent, irrespective of the outcomes.?

e Proxy Drift: A metric measuring the divergence over time between the voting behavior
of a delegate (proxy) and the latent preferences or interests of the individual who
delegated their vote to them.”

e Technocratic Bias: A systemic preference for solutions and decision-makers that are
technical or expert-driven, potentially at the expense of democratic accountability and
public input.*



e Liquid Democracy: A form of delegative democracy where voters can either vote
directly on issues or dynamically delegate their vote to a trusted proxy."

Visual Types

e Activation Heatmap: A matrix visualization where color intensity represents the
magnitude of a voter's calculated voting weight for a set of issues, showing patterns of
influence.

e Trust Funnel Diagram: A visualization that illustrates the progressive loss of support or
legitimacy as a population moves through stages of awareness, understanding, and
acceptance of a system.

e ROC (Receiver Operating Characteristic) Curve: A graphical plot that illustrates the
diagnostic ability of a binary classifier system. In this report, it is used conceptually to
plot the trade-off between two types of "error" (e.g., epistemic vs. legitimacy).

e Procedural Graph: A directed graph where nodes represent steps or components in a
process and edges represent the flow or dependencies between them.

Appendix

A. Full Formula Derivations

1. Weighted Activation Function (Wi,j,t) with Sigmoid:
The linear combination of inputs is x=aAi,j+BEi,j+ySi,j+0Rjt.
The sigmoid activation function is defined as o(x)=1+e-x1.
Therefore, the full expression for the voting weight is:

Wi j,t=1+e-(aAi,j+BEi,j+ySi,j+ORj,t)1

This ensures the output Wi,j,t is always bounded between O and 1.

2. Representation Entropy (Hj) Expansion:

Given the set of weights for all N activated voters on issue j, {W1,j,t, W2,jt,... WN,j,t}.
First, calculate the total weight sum: Wtotal=xk=1NWkj,t.

Next, normalize each voter's weight to get their proportional influence, pi,j:

pi,j=WtotalWi,j,t
The entropy is then the sum of these proportions multiplied by their logarithm:

Hj=-i=1ZNpi jlog2(pi,j)



The logarithm is typically base 2, measuring the entropy in "bits." A perfectly equitable
distribution where all N voters have equal weight (pi,j=1/N) yields the maximum entropy of
Hmax=log2(N). A perfectly concentrated distribution where one voter has all the weight
(p1,j=1, pi>1,j=0) yields the minimum entropy of Hmin=0.

B. Simulation Parameters

The following parameters are proposed for baseline simulations of the FEWAV model to test
its behavior under various conditions ":
Population Size (Voters): N=10,000
Sub-Issue Fragments per Law: 5 to 15
Stake-Overlap Matrix Size: 30x30 system nodes
Temporal Urgency Decay Rate: A=0.015 (representing a half-life of approx. 46 time
units)
e Voter Attribute Distributions (Initial):
o Affectedness (Ai): Gaussian distribution
o Expertise (Ei): Zipfian distribution (few experts, many novices)
o Stake Overlap (Si): Derived from a network graph with power-law degree
distribution

C. Jurisdiction-Specific Legal Clauses (Referenced)

e U.S. Administrative Procedure Act (APA), 5 U.S.C. § 553 - Rule making:"(b) General
notice of proposed rule making shall be published in the Federal Register... (c) After
notice required by this section, the agency shall give interested persons an opportunity
to participate in the rule making through submission of written data, views, or
arguments with or without opportunity for oral presentation..." '

e EU General Data Protection Regulation (GDPR), Article 22 - Automated individual
decision-making, including profiling:"1. The data subject shall have the right not to
be subject to a decision based solely on automated processing, including profiling,
which produces legal effects concerning him or her or similarly significantly affects him
or her. 2. Paragraph 1 shall not apply if the decision: (a) is necessary for entering into, or
performance of, a contract...; (b) is authorised by Union or Member State law...; or (c) is
based on the data subject’s explicit consent. 3. In the cases referred to in points (a) and
(c) of paragraph 2, the data controller shall implement suitable measures to safeguard
the data subject’s rights and freedoms and legitimate interests, at least the right to
obtain human intervention on the part of the controller, to express his or her point of
view and to contest the decision." *°

e California Consumer Privacy Act (CCPA), Cal. Civ. Code §§ 1798.100-199
(Substance):



o Right to Know (§ 1798.100, 1798.110): A consumer has the right to request that a
business disclose the categories and specific pieces of personal information it
has collected about that consumer.

o Right to Delete (§ 1798.105): A consumer has the right to request that a
business delete any personal information about the consumer which the business
has collected from the consumer, subject to certain exceptions.

o Right to Opt-Out (§ 1798.120): A consumer has the right, at any time, to direct a
business that sells or shares personal information about the consumer to third
parties not to sell or share the consumer’s personal information. *°
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